Background: Imatinib has been found to be effective in the treatment of patients with gastrointestinal stromal tumors (GIST). We sought to evaluate the clinical outcome of imatinib interruption in GIST patients who had achieved stable disease (SD) or showed better response to imatinib therapy. Methods: From July 2001 to December 2004, we prospectively collected clinical data from 62 consecutive patients with advanced GIST, of whom 58 (93.5%) achieved SD or better response to imatinib therapy and were included in this study. Imatinib therapy was interrupted in 14 of the 58 patients (interruption group, INT), after a median time of 11.9 months. Progression-free survival (PFS) after imatinib interruption was calculated and imatinibrefractory PFS and overall survival (OS) were compared between the INT group and the 44 patients who continued imatinib treatment (continuation group, CONT). Results: After a median follow-up of 17.9 months following imatinib interruption, nine patients (64%) had progressive disease (PD) with a median PFS from the date of imatinib interruption of 10.0 months. Median PFS dated from the time of imatinib initiation in the INT group was 21.8 months (95% CI, 17.3 -26.3 months), but was not reached in the CONT group (P ¼ 0.029). Following imatinib reintroduction in the INT group, 88% of patients achieved disease control. There were no statistically significant differences in imatinib-refractory PFS (P ¼ 0.405) and OS (P ¼ 0.498) between the groups. Conclusion: In GIST patients controlled with imatinib, treatment might be interrupted, at least temporarily, when clinically warranted.
INTRODUCTION
Imatinib has revolutionized the care of patients with gastrointestinal stromal tumor (GIST) and has become standard therapy for patients with advanced GIST. In phase II and III clinical trials in metastatic GIST, up to 85% of patients were shown to benefit from treatment with imatinib mesylate, with 4 -5% of patients achieving complete response (CR), 45 -67% achieving partial response (PR), and 18-32% achieving stable disease (SD), after follow-up of 9 -24 months (1 -4) . In addition, treatment with imatinib mesylate increased overall survival (OS) compared to historical controls (1 -5) . In these studies, patients were treated with imatinib until disease progression or the development of intolerable toxicities (3, 4) .
In clinical settings, a significant proportion of patients choose to temporarily discontinue therapy, with or without supervision by their physicians, because of recurrent toxicities, economic constraints, concomitant co-morbidities, or because of the desire to have a break from therapy. Little is known, however, about the clinical outcome of imatinib interruption in patients with GIST who are free from disease progression. A recent randomized trial in France reported that imatinib interruption after 1 year was associated with a high risk of disease progression, indicating that imatinib should be given until disease progression or intolerance (6) . The primary end-point of this trial, however, was progression-free survival (PFS) and it was halted earlier than intended after meeting step 1 early stopping rule requirements, six or more progressive diseases (PD) in the first 14 patients who interrupted imatinib at 3 months. Interestingly, the majority of patients who resumed imatinib therapy after documentation of PD had a favorable response to retreatment with imatinib, indicating that these patients had imatinibsensitive PD, not imatinib-refractory PD. It is therefore not clear if such patients require continuous treatment with imatinib, or whether imatinib could be safely discontinued, at least temporarily, without the impairments on the incidence of imatinib-refractory PD and OS.
To add more information on this issue, we have retrospectively investigated the clinical outcome of imatinib interruption in GIST patients with an SD or better response to imatinib treatment and we have compared these outcomes with those of GIST patients who received continuous imatinib therapy.
PATIENTS AND METHODS

PATIENTS AND TREATMENT
From July 2001 to December 2004, we prospectively gathered clinical data from 62 consecutive patients with metastatic or unresectable GIST diagnosed and treated at our institution; 12 of these patients were also enrolled in the recently closed Korean multi-center phase II clinical trial of imatinib mesylate. All patients had histological confirmation of GIST, with positive KIT expression as shown by CD117 immunohistochemical staining (A4502, DAKO), and at least one measurable lesion. The protocol of this study was approved by the institutional review board of the Asan Medical Center.
The median age of the patients was 57 years (range, 33 -73 years), with a male to female ratio of 1.6:1. The primary tumor sites were the stomach (44%) and small bowel (47%). At enrollment, 12 patients (19%) had metastatic disease, 45 (73%) had recurrent disease and 5 (8%) had unresectable locally advanced disease. Patients were supposed to receive 400 mg imatinib mesylate p.o. per day until disease progression, unacceptable toxicity or patient refusal. Initial responses to imatinib mesylate treatment were CR in 4 patients (6.5%), PR in 35 (56.5%), SD in 19 (30.6%), and PD in 4 (6.5%) patients. Among the 58 patients who achieved SD or better response to imatinib, 14 interrupted imatinib treatment for various reasons. These 14 patients were grouped into the INT (interruption) group, whereas the remaining 44 patients, who continued imatinib treatment after achieving SD or better response, were grouped into the CONT (continuation) group. Patients who interrupted imatinib briefly because of transient toxicities or reversible concomitant illnesses but restarted within 1 month without tumor reassessment were not defined as having interrupted imatinib treatment and were categorized into the CONT group. Imatinib at a dose of 400 mg/day was reintroduced for patients in the INT group who had PD during the period of imatinib interruption. In cases of imatinib-refractory PD, the dose of imatinib mesylate was escalated to 600 or 800 mg/day.
ASSESSMENT OF RESPONSE AND PROGRESSION
The objective tumor response was measured using contrast-enhanced spiral computed tomography (CT) scans, using one of three commercially available helical CT scanners (Somatom Plus-S, Siemens, Erlangen, Germany; Somatom Plus 4, Siemens; Hispeed, GE Medical Systems, Milwaukee, WI, USA). Target lesions were prospectively evaluated 1 -2 months after the start of treatment and every 2 -3 months thereafter. CT scans were performed earlier if tumor progression was suspected. Hardcopy archived CT images were evaluated by three non-blinded oncologists (J-LL and M-HR separately, but in consensus with Y-KK) for confirmation of disease progression according to RECIST (7) . Consistent with Southwest Oncology Group (SWOG) criteria, an increase in the sum of the longest diameters of the target lesions was not regarded as disease progression if accompanied by definite cystic change in the tumor suggesting necrosis (8) . In addition, the development of new small cystic lesions in the liver during earlier phases of imatinib treatment was not regarded as disease progression (9) . Patients who interrupted imatinib treatment continued to have tumor assessment every 2 -3 months.
STATISTICAL ANALYSIS
The difference in baseline characteristics was assessed using the chi-squared test or Fisher's exact test for categorical variables or the Mann -Whitney U test for continuous variables. Survival distributions were estimated using the KaplanMeier method (10) , and comparisons between groups were made using two-tailed log-rank tests (11) . PFS in the INT group was measured from the date of imatinib interruption to the date of PD or death. PFS was also measured from the date of imatinib treatment to the date of first documentation of PD. Imatinib-refractory PD was defined as any PD in the CONT group, PD that developed in the INT group during imatinib interruption and could not be controlled with imatinib retreatment, or secondary PD that developed after a period of control with imatinib retreatment. Imatinibrefractory PFS was defined from the date of imatinib treatment to the date of imatinib-refractory PD or death. OS was calculated from the date of imatinib treatment to the date of death from any cause. P-values ,0.05 were defined as statistically significant.
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RESULTS
PATIENT CHARACTERISTICS AND CLINICAL COURSE FOLLOWING IMATINIB INTERRUPTION
The INT group consisted of 14 patients with a median age of 51 years (range, 33 -73). Table 1 shows the clinical characteristics and disease course following imatinib interruption in these patients. The median time from imatinib initiation to interruption was 11.9 months (range, 3.3 -27.0 months). In seven patients, imatinib treatment was interrupted by the physician because of the absence of residual disease, with one of these patients also having recurrent grade 3 thrombocytopenia. Four patients interrupted treatment due to economic constraints, one because of nausea, and two for unknown reasons. Baseline demographics were balanced between the INT and CONT groups ( Table 2 ), except that no patients in the CONT group had an initial response of CR to imatinib treatment. After a median of 17.9 months following imatinib interruption, nine of 14 patients (64%) in the INT group had PD. Median PFS since the date of imatinib interruption was 10.0 months (Fig. 1, 95% CI, 5.6 -14.5 months). The pattern of progression was general progression according to the previous published criteria in eight patients; only one patient (No. 7) had focal progression in peritoneal lesion while liver lesions were stable without progression (9) . The five patients in the INT group who did not have PD after imatinib interruption showed no residual disease at the time of interruption; two of these patients had clinical CR and three with PR or SD underwent surgery for their residual or nonresponding lesions.
The median time after stopping imatinib to retreatment was 10.1 months. Table 3 shows the response to retreatment. Prior to imatinib reintroduction, nine of the patients in the INT group had PD, but it was not associated with rapid deterioration of performance status; with the exception of one patient who had an ECOG performance status of two, all the remaining patients with PD after imatinib interruption had an ECOG performance status of one or better at the time of imatinib retreatment. Following reintroduction of imatinib, eight of the nine patients (88%) achieved disease control, with a 1-year PFS rate of 78%, measured from the date of imatinib reintroduction. One patient (No. 5) in the INT group was dead of disease. He discontinued imatinib after 
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achieving PR observed 3 months after imatinib treatment because of economic constraints and then his disease progressed 1.8 months after discontinuation. Although the treating physician strongly recommended the patient to take imatinib, he did not adhere to medication and died of disease without further tumor assessment. Another patient (No. 1) in the INT group had PD, in the form of a new solid lesion in the lung (azygoesophageal recess), during the period of imatinib interruption. Although he achieved SD to imatinib reintroduction, his disease progressed 6 months after imatinib rechallenge and he underwent metastatectomy.
At the time of analysis, he had no evidence of disease and took maintenance imatinib. When we compared the time-related outcome between the groups, after excluding patients who achieved CR in the INT group to remove the potential effects of initial response on imatinib-refractory PFS and OS, we observed no significant between-group differences in imatinib-refractory PFS (OR ¼ 2.7, 95% CI, 0.34 -21.34, P ¼ 0.328) and OS (OR ¼ 1.57, 95% CI, 0.18 -13.55, P ¼ 0.679).
PFS, IMATINIB-REFRACTORY PFS AND OS
DISCUSSION
Interruption of imatinib treatment, whether because of the patient's wish or the treating physician's judgment, is not infrequent in clinical practice. Patients with GIST who 708 Imatinib interruption in GIST achieve SD or better response without further decrease in tumor size despite continued treatment may ask their treating physicians what would happen if they were to discontinue taking imatinib or whether they must continue to take imatinib throughout their lives. This is especially true when patients experience adverse events, even if mild or moderate, when long-term side effects are not known, or when patients want to have children and are taking this potentially teratogenic medication. Although physicians confronted with this situation do not encourage treatment interruption, they have no firm, convincing evidence to discourage it. In addition, continuous imatinib treatment may contribute to the development or selection of drugresistant clones (12) . Thus, more information on the impact of imatinib interruption on the clinical course of GIST is needed. 
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Our analysis has shown that most interruptions of imatinib treatment were due to physicians' decisions, economic constraints or patients' wishes. Imatinib-associated toxicities did not have a significant impact on this study population, in that only two patients experienced drug-related toxicities, nausea and thrombocytopenia. More importantly, our results have shown that, in patients with metastatic GIST controlled with imatinib, imatinib interruption is associated with a high risk of disease progression within 1 year. Sixty-four percent of patients in the INT group had PD with a median PFS of 10 months, but all could resume treatment because disease progression was not associated with rapid deterioration in performance status. Moreover, the patients who restarted therapy responded favorably, suggesting that acquired resistance to imatinib did not develop during the period of treatment interruption. Furthermore, the survival of patients with imatinib interruption was similar to that of patients who received continuous imatinib treatment. Although this may reflect a more favorable overall prognosis in the INT group than in the CONT group, in that all the patients who achieved CR in response to initial imatinib treatment were in the INT group, survival outcome was not altered when these patients were excluded.
A recent randomized trial on 58 French patients with GIST who were free from progression after 1 year of treatment with imatinib found that imatinib interruption was associated with a high risk of relapse (6) . These findings suggested that, to maintain a continued response, patients should be treated with imatinib until disease progression or intolerance. Further analysis showed, however, that imatinib interruption was safe, in that 79% of patients with disease progression after interruption achieved further tumor control when imatinib treatment was resumed. In addition, imatinib interruption had no impact on OS -1 year survival rates were 89% in the imatinib interruption group and 87% in the continuous treatment group (P ¼ 0.46) -a finding largely consistent with ours (6) . Furthermore, imatinib interruption did not have a detrimental effect on quality of life (6) .
In the current study, two patients in the INT group initially had locally advanced unresectable gastric GIST. After achievement of PR in response to imatinib, both patients received surgery on their residual disease with curative intent, and both have had no evidence of disease progression in the absence of imatinib. These findings suggest that imatinib can be effective as a neoadjuvant treatment in locally advanced GIST. Surgery was also performed on 11 patients in the CONT group who achieved SD or better response on imatinib and, following surgery, none of these patients had gross evidence of residual disease. At the time of the present analysis, seven of these patients have achieved CR without any evidence of DP, whereas four had PD, despite continuous imatinib therapy (data not shown). However, all of these 11 patients in the CONT group underwent metastatectomy, with none having locally advanced tumors, making it difficult to compare the outcome of surgery between the groups.
Our results also showed divergent clinical outcomes in patients with GIST who discontinued imatinib therapy after obtaining radiological CR. Two patients maintained CR throughout the period of interruption, whereas others showed overt progression, highlighting the occurrence of invisible residual disease after achievement of radiological CR and the uncertain impact of radiological CR on further progression after the discontinuation of imatinib.
Although most patients with advanced GIST benefit from imatinib, some may subsequently develop resistance to it, with a median time of about 24 months (4) . Acquired imatinib resistance during treatment has been found to occur through the development of secondary c-kit mutations, which were not present in primary resistant tumors (12) . It is important to determine whether continuous imatinib treatment may contribute to the development of acquired resistance through secondary c-kit mutations and/or the selection of resistant clones. The possibility that imatinib interruption may reduce the emergence of resistance should be evaluated carefully.
The present study has several limitations inherent to retrospective design and analysis, calling for cautious interpretation of the results. First, imatinib treatment was interrupted at different times in the INT group. Second, the two arms are not well balanced in the number of patients included in each group and in the initial responses to imatinib. Last, a relatively small number of patients were enrolled and the follow-ups were relatively short, which makes it hard to address the impact of imatinib interruption on imatinibrefractory PFS and OS. However, to our knowledge, this is the first study on the clinical outcome of imatinib interruption in clinical practice setting, which could give us hints to confronting these problems.
In conclusion, in the patients with advanced GIST controlled with imatinib, imatinib interruption resulted in the high risk of PD within 1 year. However, the majority of the disease was controlled with imatinib re-challenge on PD and there were no statistically significant differences in imatinibrefractory PFS and OS between groups. Imatinib may be interrupted, at least temporarily, in patients with GIST controlled with it when various clinical situations constrain continuous treatment. Well-designed randomized controlled trials with OS as a primary endpoint are needed to make a firm conclusion.
